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Abgtract: In a search for effective methods for controllseed germination and growth, bio-oils were producech
pyrolysis of bunches of empty palm fruit at differéemperatures. Physicochemical chemical chaiatitsrof the bio-
oils were evaluated using standard analytical mhos. Allelopathic activities of the bio-oils wesgaluated against
three selected seeds (tomatoes, okra and Amarantrhes percentage germination inhibition was caltad for each
seed after 72 h of germination. The yields of tleedils are 22.07%, 35.13% and 37.47% at 400 °0,°&0) and 600 °C,
respectively. The bio-oils are acidic and contaimpounds such as phenols, phenol derivatives, eskaand organic
acids. The results revealed that the empty palinbftinches’ bio-oils have inhibitory effects on theee selected seeds.
The percentage seed germination decreased witsisiog concentration of the bio-oils while the Initory effect of the
bio-oils on seedling growth increased significantfigh increasing concentration of the empty palmitfbunches’ bio-
oils. The bio-oils obtained at different pyrolytemperatures showed appreciable allelopathic setvi

1 Introduction shown the potential application of bio-oils as meable
The hazardous environmental issues arising from tf@sins [6]. _ _
use of synthetic herbicides, which started in 18%6ér the Allelopathy is a process that involves secondary

enormous labour and time consuming associated withetabolites from microorganisms or plants to preduc
traditional ways of controlling weeds, have becom#hibitory effects on other plants, insects or
unbearable [1,2]. Consequently, the search forraiteve ~Microorganisms by influencing their growth and
ways of controlling weeds, with less detrimentdeets, development. It is regarded as the chemical inbibiof
are needed. Among the numerous alternative ways @#€ plant (or other organisms) by another planttdute
controlling weed include the usage of allelochetsi¢a]. release of substances, which can act as germination
Unlike synthetic herbicides, plant extracts aneesal oil ~ growth inhibitors, into the environment [7,8]. Atipathic

are environmentally friendly [4]. potential of some plants has been reported to inhib
Bio-oil is a dark-brown condensable liquid of pysis. Medicago polymorphism [9].
Bio-oils are characterized with unpleasant smokguod  Allelochemicals contribute to weed management by

high viscosity and varying quantities of water, eleging releasing toxic chemicals into the soil which segsed the
on the types of biomass. Chemically, bio-oils ammplex ~germination of weed's seed [10,11]. The formatidn o
oxygenated organic compounds that are reformedigihro Secondary metabolites depends on the plant farailyedi
catalytic cracking into bio-fuels, which serve abstitutes as the climatic conditions [12]. The inhibitory etts of
for liquid fossil fuels in some applications [SjioBoils can ~ allelochemicals depend on their concentration ssabe
be used to produce flavours for food industries arld3]. Oracz etal. [14] and Bogatek et al. [15]oepd that
herbicides for agricultural purposes. Other redezshave the allelopathic extracts from sunflower influencig
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antioxidant system in targeted plants, thereby dmaha pyrolytic temperatures. All the pyrolytic reactiomsere
plant cellular and allowed the cell membrane tewellen carried out in triplicate.

and inhibited the germination of targeted plantalhied

to loss of seed’s vigour. Allelopathic propertieg mot 2.3 Characterization of bio-oils

limited to crude extracts of plants, thereforeesgsh must The Official Methods of Analysis of the Associatioh

be extended to other forms of plants’ extracts sash Official Analytical Chemists (AOAC) and American
plant’s oil or biomass oil. Jamil et al. [16] anaréoq et al. Society for Testing Materials—Miscellaneous Materia
[17] reported the importance of allelopathic wadgtract (ASTM D-2866) methods were used to investigate the
potential of crop plants in controlling weeds. Qrat al. physicochemical analyses of the empty palm fruitdhes’
[14] reported positive allelopathic potential ofbio-oils. The bio-oils were also characterized g$fourier
polyunsaturated fatty acids against plant cell mamé. In  Transform Infrared (FTIR) spectroscopy and Gas
view of this, the present study was carried owtaluate Chromatography-Mass Spectroscopy (GC-MS).

the inhibitory effect of the bio-oils obtained frostow

pyrolysis of the bunches of empty palm fruits aghin2.3.1 Treatment

germination and seedling growth of three selected From the bio-oils, three treatments at different

vegetable seeds. concentrations of 1.0%, 2.5%, and 5.0% (w/v) were
prepared for each of the temperature, controls \atse

2 Methodology prepared with distilled water for each bio-oil

2.1 Plant sample concentration.

Empty palm fruit bunche<(aeis guineensis.) were
obtained from the Teaching and Research Farm of TRe3-2 Tested seeds treatment .
Federal University of Technology, Akure, NigeriaheT =~ The seeds were germ screened according to a method
samples were reduced or cut into smaller chipsabaid ~described by El-Darier [20]. Okra, Tomatoes and
be fed into the reactor canister. The biomass wasised Amaranthus seeds were thoroughly washed, first taiph
for approximately 8 weeks before it was broughtte Wwater and subsequently with distilled water. Thegrav
laboratory and oven-dried at 105 °C for 12 h. Tamles Surface-sterilized by soaking for 90 — 300 secanda
were then stored in Samp|e bags prior to pyrolysis_ solution of 0.5% sodium hypOChlorlte, and thereafte

rinsed separately 3 — 5 times with distilled w#di.

2.2 Pyrolysis of empty palm fruit bunches _ _

The pyrolysis of the dried biomass feedstock fordil 2.4 In vitro biotest
production was carried out using a fixed bed slgwlysis 2-4.1 ~ Seed germination test _ _
at three different temperatures (400, 500 and €)0a% The seed germination tests were carried out agugrdi
earlier reported [18,19]. to the method reported by Sikolia and Ayuma [224 an

A 1.0 kg of empty palm fruit bunches biomass Wa§uwa| et al [23] with a ||tt|e modification. Vl&lseeds
packed into the pyrolysis canister and placed énntiuffle ~ Were obtained from Agricultural Development Project
furnace (pyrolyser) for heating. The temperaturethe (ADP), Akure, Nigeria. Ten (10) uniform seeds ofr@k
outer chamber of the furnace were separately g&atC, Tomatoes and Amaranthus were placed in separate Pet
550 °C, and 650 °C (furnace temperature) and thbgee dishes lined with a double Iayer of 9 cm Whatmdterfi
inner chamber were correspondingly set at 40000°g, Paper, 10 mL of each of the various prepared
and 600 °C (Canister temperature)_ The V0|ati|mrmj concentrations (50, 2.5 and 1.0% W/V) were addexhth
from the canister through the hole in the lid wiee ©f the Petri dish containing filter paper to make i
furnace temperature reached 250 °C, and as thistened. Ten seeds were counted and placed m eac
temperature of the furnace was increased, the ileslat plate and covered. The Petri dishes were thengiasele
escaped continuously and were condensed as pydolyz dark cupboard. Controls were similarly prepareth w
liquid condensates (bio-oil and bio-tar) into reatgeottle  distilled water. Triplicates Petri dishes were eyl
immersed in water bath as a receiver in the Comns differently for each concentration as well as ehithoil
unit. The non-condensable syngas was allowed tapesc Produced at different temperatures for the thrdecte
into the atmosphere after passing through a wassher. Seeds. The percentage germination (%G) of eacheof t
The pyro|ytic temperature was maintained until th@eeds were calculated by d|V|d|ng the total nunobseeds
required experimental temperature was reached ttand that germinated after 72 h, in each treatmentheéytimber
reaction time was recorded. The biochar and liquief seeds sowed multiplied by 100. The percentage
condensates produced were allowed to cool overniglermination inhibitions were calculated by compguivith
removed, weighed and stored in airtight contaimemge ~control using Equation 1.
the bio-oil was stored in a clean bottle for furtbhaalysis
and experiment. The same procedures were usell floe a % inhibition = % x 100 ()
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whereY is the number of seeds germination in control, argpecific gravity and density of the bio-oil are ggated in

Xis the number of seeds germination in treatment.

25 Seedling growth test

Table 1. The results showed that the bio-oils hddglues
in the range of 2.29 and 2.57. This phenomenorcates
that the three bio-oils are acidic and the higliacof the

The tests on seedling growth were performed acegrdi bio-oils means that they are corrosive. A numbeaaidic

to methods reported by Casimiro et al. [24] and 8wt
al. [23], with slight modifications. Healthy seedgere
collected from Agricultural Development Project (Rpin
Akure, Nigeria. Different concentrations of 1.05,2and
5% wi/v of the bio-oils were used to treat 9 cm Vet
filter paper placed in a separate Petri dish (10. dran
seeds per treatment were placed in each Petradisivere
covered, and then placed inside a dark cupboanatr@e
were similarly prepared with distilled water. Tlests were
carried out with three replicates per treatment alhthe

compounds, such as oleic acid, benzoic acid, attodac
acid, are present in bio-oils [5]. The moistureteats of
the bio-oils are in range of 10.56 and 16.32% wtese
values are higher than those of petroleum diesthaavy
fuel oils, which have low moisture contents of ab@1%
wt. This observation could be due to the high wetettent
of the feedstock, as a result of this, a large arhotiwater
was released into the bio-oils during pyrolysis
(lignocellulosic) [25]. The densities of the bidsorange
between 1.0 and 0.92 g/cm3, an indication thabibils

Petri dishes were kept in a dark cupboard at rooare denser than light petroleum oil (diesel oil)thwi

temperature and relative humidity. The experimevease

carried out for 7 days and 14 days after the intctidn of

the seed. The percentages of seedling growth trdnbi
were calculated by difference between controlsterated

samples using Equation 2.

% inhibition = == x 100 )
where A is the average length of shoot and roobittrol,
and B is the average length of the shoot/root éntésted
treatments.

The results of the experiments were expressedeas
mean + standard deviation (SD). The statisticalysimto

test the significance differences were conducteidgus °c

ANOVA and Duncan test, with a p < 0.05, which iradies
significance. Statistical Package for Social Sae{8PSS)
version 26 was used for statistical treatment efdhta.

3 Results and discussion
3.1 Physicochemical characteristics

densities of 0.85 g/cm3. The density of heavy @96) is
closer to those of the bio-oils. The specific gtiagi (0.92
— 1.0) are closer to the values (1.1 — 1.2) reponte
literature [26].

The FTIR data and the peak assignments of the empty
palm fruit bunches bio-oils at 400 °C and 600 °@ ar
presented in Table 2. The major functional grougsent
in the bio-oils are O-H, €C, C=0, C-O, C-O-C and C—-
X (X = halide). The results presented in Tablee2samilar
to what had been previously reported [27]. Accaydio
Keiluweit et al. [28], the C—C stretching vibratiah1595

nT! could be related to the presence of aliphatic ararb
oups or deformation of aromatic groups C=C.
The GC-MS analyses of the bio-oils at 400 °C arfdl 60
with heating rate of 15 °C/min, are presente@iables
3 and 4, respectively. The standard NIST MS (The
National Institute of Standard and Technology Mass
Spectral) Library of the bio-oils were used to itiféed
compounds in the tables. The percentage peak aftaes
identified compounds were recorded in relatiorhtoytield
of the products. There are similarities in the cloam

Bio-oils were successfully prepared from empty palrdomposition of the bio-oils. Most of the common

fruit bunches at different pyrolytic temperaturéhe
percentage yields of the bio-oils are 22.07 + 035113 +

compounds are phenols and phenol derivatives, atkan
and acids. Mullen et al. [29] reported similar clieah

1.89 and 37.47 + 1.82 at 400 °C, 500° C, and 600 °@ompounds for bio-oils.
respectively. The results obtained for the proxemat

Table 1 Physicochemical analysis of the empty palinbunches bio-oils

Temperature pH Specific Density (g/cn?)  Moisture Ash content (%
(°C) gravity content (% wt)  wit)

400 229+001  0.97+0.0 1.0¢%+0.1( 10.5€ + 0.5 0.31"+ 0.01

500 2.36 +0.02 1.18+ 0.10 0.98+0.01 14.2%0.21 0.47+0.02
600 2.57°+0.02 1.03+0.01 0.93+0.02 16.3%+ 0.45 0.53+0.01

3.2 Percentage seed germination Okra and Amaranthus seeds. For 5.0% (w/v) condéantra
The results obtained for percentage seed germiatie 0of empty palm fruit bunches bio-oil, Amaranthus e
presented in Table 5. The results obtained showatl t highest percentage seed germination of 26.67%,tt@sa
different concentrations of empty palm fruit buneto- and okra had no percentage seed germination fewibad

oils significantly reduced the germination of Toowt, 400 °C. Percentage seed germination for Okra and
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Amaranthus was 10.00% each, while Tomatoes had respectively. For 1.0% (w/v) concentration of empaym
percentage germination for the bio-oil at 500 °@raChad  fruit bunches bio-oils at different temperaturese t
the highest percentage germination (13.33%), falbly percentage seed germinations are in the order: @mtfaus
Amaranthus (10.00%) for bio-oil at 600 °C. For 2.6Mv) (56.67%), Okra (43.33%) and Tomatoes (6.67%);
concentration empty palm fruit bunches bio-oils afmaranthus (60.00%), Okra (50.00%) and Tomatoes
different temperatures, the percentage seed getiorisa (10.00%); and Amaranthus (40.00%), Okra (53.33%) an
followed this order: Amaranthus (50.00%), Okra (09%) Tomatoes (10.00%) for empty palm fruit bunches diio-
and Tomatoes (3.33%); Okra (30.00%), Amaranthust 400 °C, 500 °C and 600 °C, respectively. It ten
(20.00%) and Tomatoes 0.00%; and Amaranthwdeduced from the study that the percentage of ¢ee s
(26.67%), Okra (23.33%) and Tomatoes (3.33%) fgutgm germination decreases as the concentration of itheilb
palm fruit bunch bio-oil at 400 °C, 500 °C and 6, increases.

Table 2FTIR analysis of the empty palm fruit bunches hig-o0
Temperature (°C) Wavenumber (cnt?)  Peak Assignment

400 3331.9! O-H stretching (phenol, alcohol, water, Keiluwgit
600 3329.1t al. [28])
400 2923.8: C—-H stretching
600 2925.2!
40C 2093.8: C=C stretching
600 2153.5!
400 1704.1¢ C=0 stretching
600 1698.0:
400 1595.0( C-C stretching
600 1595.0(
400 1463.1¢ CHsdeformation
600 1462.11
400 1373.4: O-H bending of phenolic (Keiluwieit al.[28])
600 1374.9:
400 1227.0: C-0O-C stretching aryl-alkyl ether linkage
60C 1232.4
400 1110.5¢ Symmetric C-O stretching (Keiluwiet al. [28])
600 1109.1
400 752.7¢ C-X, Alkyl halide
600 752.6'
Table 3 Compounds in empty palm fruit bunches biatd00 °C
S/INO  Identified Compound Retenthn Peak Area (%) Molecular Formula
Time (min)
1 Pyridine 4.3¢ 0.1- C7HsN>
2 2-Furanmethanol 7.9¢ 0.1z CsHeOs
3 Mequinol 17.0¢ 4.47 C:HgO,
4 p-Cresol 17.9] 2.1¢ CH3zCsH4OH
5 Phenol 28.8¢ 10.9¢ CeHsOH
6 Vanillin 30.51 0.2¢ CsHgOs
3,5-Dimethoxy-4-
! hydroxytoluene 3214 137 CH120
8 Butyrovanillone 37.5¢ 0.17 C11H1405
2,€-dimethoxy-4-(2-propenyl)-
9 ey (2-propenyl) 37.91 0.18 GH140s
10 Benzaldehyde 0.22 C/HeO
11 Ethanone 40.2¢ 0.3¢ C:Hs0
12 n-Hexadecanoic acid 42.81 0.4¢ CHs(CH>)14COOF
13 9-Octadecenoic acid 50.6:¢ 0.11 CigH340;
14 Oleic acid 54.1% 0.1: CH3(CHy);CH=CH(CH},),COOF
~36 ~
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Table 4 Compounds in empty palm fruit bunches biat&00 °C
S/NO Identified Compound RS TS Peak Area (%)

Molecular Formula

(min)

1 Phenol 16.7¢ 7.3¢ CsHsOH
2 p-Cresol 17.61 3.2t CH3zCsH4OH
3 2,6-dimethoxy-phenol 28.6( 7.71 CsH100s
4 Benzoic acid 28.9( 0.3C C7HsO2
5 Vanillin 30.5¢ 0.4¢ CsHgOs

3,5-Dimethoxy-4-
g hydroxytoluene 3212 137 CH120
7 Butyrovanillone 37.6¢ 0.44 Ci11H1405
8 Heptacosane 63.3¢ 0.2¢ Co7Hse
9 1,1'-Biphenyl 67.4i 0.0z CeHsCeHs

These results agreed with those obtained by Sikolih Lactuca sativa in the presence of aqueous extract a
Ayuma [22] and Anwar et al. [30]. In the report@ikolia  different concentrations of Tunisian and Indianets of
and Ayuma, the germination percentage of cowpedsseeNigella sativa seeds decreased with an increase in
decreased with an increase in the concentratioshobt concentration of the extract. However, there weee n
aqueous extract of Eucalyptus saligna. Similarltesiere  significant differences (p < 0.05) in germination
reported by llori et al. [31] and Malik [32]; thesaithors percentages among the bio-oils (individual tempees)
reported that the solvent extract reduced gernanatifor Tomatoes seed, but there were significant diffees
percentages and germination rates. Similarly, Zstbal. among bio-oils (individual temperatures) for Amatars
[33] reported that the percentage seed germinatfon and Okra seeds as shown in Table 5.

Table 5 Percentage seed germination of empty palitrbiunches bio-oil on three selected seeds

Temperature Concentration (%) Crops

(°C) Tomatoes Okra Amaranthus

400 1.C 6.67+5.7° 43.33+20.8° 56.67+15.22°
2.t 3.3315.7° 40.00+20.8° 50.00+20.0¢
5.C 0.00+0.0¢ 0.00+0.0¢ 26.67+15.2°¢
Contro 90.00+10.0° 96.67+5.72 96.3315.72

500 1.C 10.00+10.0° 50.00+26.4° 60.00+17.32
2.t 0.00+0.0¢ 30.00+10.0°¢ 20.00+10.0°
5.C 0.00+0.0¢ 10.00+£10.0¢ 10.00+10.0°
Contro 95.00+10.0° 93.3315.72 98.33+15.2°

600 1.C 10.00+10.0° 53.3315.7° 40.00+20.0P
2.t 3.3315.7° 23.3315.7¢ 26.6745.7°¢
5.C 0.00+0.0¢ 13.3345.7° 10.00+£10.0°
Contro 89.00+10.0° 94.3345.72 100.3345.7

Values are means of triplicate + standard deviafibans of the column followed by the same supitsietters are
not significantly different ap < 0.05.

3.3  Seedling growth bioassay oil, the inhibition activities were substantiallgag for root
The results of the percentage inhibition of thedieg  length at 7th day for tomatoes (all temperaturgis)oil at
growth are presented in Table 7. From the resblimioed, 400 °C for Okra, bio-oils at 400 °C and 500 °C for

it was observed that the percentage inhibitionseeflling Amaranthus, bio-oils at 500 °C and 600 °C for Ol&a.
growth of shoot and root length of Tomatoes, Okrd a 600 °C. Amaranthus has highest value for shoottteay
Amaranthus significantly increased as the conctatraf ~ 7th day. Similarly, the inhibition activities wehggh for
empty palm fruit bunches bio-oils increased. Fd@9%. shoot length at 14th day for okra at all tempewsufor
(w/v) concentration of the bio-oil, the inhibitiactivities Tomatoes at 500 °C, but high for root length at @idsh
were high for shoot length and root length at 7tti #4th for Amaranthus and bio-oils at 400 °C, 600 °C for
days for Tomatoes, Okra and Amaranthus seeds at &fimatoes. The result in Table 7A-C showed that the
temperatures. For 2.5% (w/v) concentration of tieedil, ~ seedling growth on percentage inhibition of shoat eoot
the inhibition activities were also high for shdength at length increased as the bio-oil concentration waeased.
7th and 14th days for Tomatoes, Okra, and Amaramahu The result from the present study is in agreeméth tive
all temperatures. For 1.0% (w/v) concentrationhaf bio- reports of Cheema and Khaliq [38], Rafiqul-Hoquealet
[39], and Adetayo et al. [40]. These authors emigkds

~ 37 ~
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that the inhibitory effects were proportional toeth soya bean treated with the water extract of C. atdor

concentration of the extracts,

that s,

the highdeaves and stems, respectively. For the shoot aod r

concentration of inhibiting species, the strongke t lengths of Tomatoes, Okra, and Amaranthus seedlings
inhibition. In some cases, low concentrations bfhiting
substance showed stimulatory effect. Sarmin [4&goled
14% and 8% reduction in seed germination of cowpads compared to the control.

treated with empty palm fruit bunches bio-oils dfiedent
temperatures were observed to be significantlyeckffit

Table 7A Percentage inhibition of empty palm flwihches bio-oil against Tomatoes

Temperature Concentration Tomatoes
(°C) (%) 7 days 14 days
Shoot Root Shoot Root

400 1.C 42.11+21.5° 53.33+10.1° 57.14+14.2° 69.70+8.0°
2.t 83.33x8.4¢# 73.24+22.5° 91.23x0.0 86.275.87
5.C 97.67x2.32 97.50x2.5¢@ 98.33x1.42 97.14x2.87
Contro 16.67+5.7° 16.67+5.7° 10.00+5.7°¢ 8.23+5.7°

500 1.C 52.63+20.8° 53.33+15.0¢ 77.14+12.4° 76.34+8.1°
2.t 90.12+1.0? 72.98+4.6° 94.92+2.92 91.1615.12
5.C 99.22+1.37 98.33+£2.8@ 99.26x1.2¢2 98.10+3.3~
Contro 6.67+4.4¢ 6.67+4.4 8.92+2.1¢ 3.98+1.5¢€

600 1.C 42.10+30.3° 54.17+21.5° 61.76+5.8° 65.52+9.1°
2.t 83.95+%7.4i2 72.97+16.8° 91.23+5.22 91.51+2.9¢
5.C 99.22+1.37 98.33+£2.8@ 99.19+1.42 98.99+1.7%7
Contro 10.76+3.7° 9.34+4.1¢ 11.01+1.3¢ 8.17+3.7¢

Values are means of triplicates * standard deviatiteans of the column followed by the same supigtdetters are
not significantly different ap < 0.05

Table 7B Percentage inhibition of the bio-oils agaiOkra

Temperature Concentration Okra
(°C) (%) 7 days 14 days
Shoot Root Shoot Root

400 1.C 24.24+29.2° 37.6316.7°¢ 55.21+15.4° 52.78+13.3°
2.t 69.93+12.72  65.79+11.4° 83.33+7.22 77.0946.52
5.C 90.3848.32 84.85+4.72 86.21+12.42 83.33+13.82
Contro 6.67+5.7°° 6.67+5.7¢ 16.6745.7¢ 10.5445.7°

500 1.C 62.57+9.0° 46.67+24.0° 42.71£13.0° 38.89+30.7°
2.t 79.10+4.2P 67.36+8.4° 85.00+10.0° 79.17+10.02
5.C 98.75+2.1° 96.7945.5° 96.8815.42 90.91+15.7°
Contro 3.33+3.3¢ 6.67+5.7°¢ 5.11+1.0° 2.56+2.5°

600 1.C 63.3348.1° 58.33+10.1° 58.34+12.6° 47.22+26.7°
2.t 78.70+17.82  62.96+16.1° 88.3318.72 83.34+11.8
5.C 95.1145.02 93.8314.22 94.25+9.92 93.94+10.5°
Contro 10.00+0.0¢ 10.00+0.0¢ 7.34+0.6° 5.83+£1.2°¢

Values are means of triplicates * standard deviatiteans of the column followed by the same supiptdetters are

not significantly different ap < 0.05

Table 7C Percentage inhibition of the bio-oils agsiAmaranthus

Temperature Concentration Amaranthus
(°C) (%) 7 days 14 days
Shoot Root Shoot Root

400 1.C 38.64+17.7°¢ 48.89+18.3P 63.96+3.1° 64.51+5.5P
2.t 50.00+11.4° 40.69+15.4%° 78.84+3.3P 71.67+2.8°
5.C 98.41+2.72 97.92+3.6.2 97.78+1.92 96.58+2.8@
Contro 8.56x6.0( 5.78+3.8 13.33%5.7¢ 13.3345.7°

500 1.C 34.96+18.6° 41.88+22.1° 51.43+11.1¢ 55.24+13.3°
2.t 61.77+5.0° 29.63+19.5° 74.79+11.2° 76.85+3.22
5.C 89.52+3.3¢ 78.67+14.0° 97.8540.9° 91.4344.9%
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Contro 3.83%8.3¢ 6.12+10.0¢ 9.19+0.1¢ 8.87x2.1°
60C 1.C 46.34+15.9° 33.33x14.4°¢ 50.00+19.2°  55.56%15.3"
2.t 79.41x20.32 68.52+11.5° 95.43x1.12 88.57+4.97
5.C 95.50+3.12 91.67+0.0 98.41+0.0 97.06x0.0#
Contro 10.0045.7°¢ 4.87+2.81 6.23+5.7° 5.29+2.9°

Values are means of triplicates * standard deviatiteans of the column followed by the same supiptdetters are
not significantly different ap < 0.05.

4 Conclusions [6] ABDULLAH, N., GERHAUSER, H.:Biomass, Coal
Bio-oils were successfully obtained from bunches of and the Environment Unit, Energy Research Centre of

empty palm fruit. Inhibitory effects of the bio-sihgainst
seed germination and seedling growth of Tomato&sa O
and Amaranthus were investigated. Bio-oils obtaiinech
empty palm fruit bunches at pyrolytic temperatuw&400
°C, 500 °C and 600 °C exhibited allelopathic prdipsron
the selected seeds. The bio-oils reduced the peagen

seed germination and seedling growth. The inhipitor

activities of the bio-oils on shoot and root of thlants
were dependent on the concentration of the bio-®ie
bio-oils obtained from the lignocellulosic wasteifiches
of empty palm fruit) could be used agrochemicals.
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